whole time that the injection is taking place. This is important, because we can thus see where the fluid is going and can also note if thie patient complains of pain before the pelvis is filled. If this occurs it must be investigated. When the kidney pelvis has been filled to the degree of comfort to the patient, the amount injected is taken as representing the capacity of the pelvis. The normal is from 8 to 12 c.c., generally 10 c.c. We now observe the contractions of each calyx in succession, and of the infundibulum, also the passage of the globule-like moieties of fluid from the infundibulum down the ureter. Two skiagrams are then taken, one before and one after removal of the catheter. The pelvis is again observed through the screen until it is empty. The whole procedure occupies one hour or less. A skiagram is also taken before catheterization. The calyces are seen to contract in succession from above downwards, each contraction lasting 1-3 seconds, with an interval of 1-3 seconds between the contraction of each calyx. The contraction of the calyx commences at the part attached to the pyramid and passes towards the infundibulum, the corresponding communicating channel relaxing during the calyeal systole to allow the calycal contents to be expelled into the infundibulum which relaxes to accommodate them. At the end of the systole of the lowermost calyx the infundibulum contracts with snap-like action, reminiscent of the action of the cardiac ventricle, its contents being passed into the upper part of the ureter wlhere a definite pause occurs while the globule " forms in a more or less spindleshape; when formed, the globule is rapidly passed down the ureter by a peristaltic wave.
The kidney pelvis and its parts thus constitute a series of muscular chambers contracting normally in a regular sequence, and separated or connected by muscular valves or sphincters, and the urine flow through these parts is much the same as the blood flow through the heart, the first series of chambers passing the fluid through a valve into the second chamber. The parallel also holds still further. S. W. Patterson and E. H. Starling (1914) have shown that in the heart the outflow, within limits, is equal to and determined by the inflow, and also that there is a "maintenance filling," i.e. that the heart never normally completely empties, but that at the end of systole each of the chambers contains a quantity of fluid, the amount being determined by the tone of the musculature and other factors. In the kidney pelvis there is also a maintenance filling, for when viewed under the fluorescent screen, 8-12 contractions can be seen before the radio-opaque fluid has been completely expelled froma the pelvis or diluted beyond the limits of visibility. At each contraction of the infundibulum about 1-i c.c. of urine is expelled into the ureter. The kidney pelvis is thus at no time completely empty, but contains a quantity of urine, probably about 8 c.c. in the normal, but dependent in its amount OD the tone of the musculature of the calyces and infundibulum, and probably also on the tone of the ureteric musculature.
In normal pregnancy the kidney pelvis and ureter are generally enlarged by about two-thirds of the normal both in diameter and length. The kidney and upper two-fifths of the ureter lie in the perinephric and loose cellular tissue below the kidney and are freely movable, whereas the lower three-fifths of the ureter is more or less intimately attached to the posterior peritoneum. We may speak of these two portions of the ureter as the upper " free " part, and the lower fixed " parts of the ureter. It can be readily understood that most of the elongation of the ureter that occurs in pregnancy will take place in the upper free part, which will thus be thrown into numerous folds, although the pelvi-ureteric junction remains small. We can thus understand stasis of urine and deposition of formed elements-e.g. crystals or bacterial masses-in the ureter during pregnancy setting up inflammation at these points, and the persistence of kinks and loops after the termination of pregnancy if complete involution does not occur.
The kidney pelvis and ureter constitute a system composed of a hollow viscus with a double set of hollow chambers, namely calyces and infundibulum, and a series of muscular contractile tubes leading to, between, and from them, namely the collecting tubes, the communicating channels, and the ureter. During pregnancy hypertrophy and enlargement of these parts occur and also folding of the ureter. Various types of dysfunction may exist; the following is a list of those which the author himself has seen. I. Pelvis.
(1) Spasm of a communicating channel between a calyx and the infundibulum. This is most commonly met with in the upper communicating channel, which is generally longer and narrower than the other two.
(2) Regurgitation into a calyx from the infundibulum. This is commonest in the lowest calyx, but cases in which regurgitation takes place into the uppermost calyx through a dilated upper communicating channel occur. (3) Spasm of the whole pelvis. This is generally reflex and is sometimes associated with gall-bladder trouble. Cases also occur of spasm of the left kidney pelvis associated with a gall-stone in which relief has followed cholecystectomy. Where spasm of the pelvis exists the patients sometimes have attacks of vomiting, and, in these cases, vomiting is often set up when the kidney pelvis is being filled with the radio-opaque fluid. (4) Atony throughout the whole pelvis.
(5) Occasionally one calyx only may be in a condition of spasm or atony.
In the case of atony of a single calyx, if hmematuria is co-existent, the possibility of early neoplastic disease must be considered if no lithiasis be demonstrable. (1) Spasm. The commonest sites are: (a) Pyelo-ureteric junction; (b) about 10 cm. down the ureter at the junction of the free and fixed portions of the ureter; (c) at the brim of the bony pelvis; (d) at the uretero-vesical junction; (e) in relation to abnormal or pathological structures such as accessory renal vessels, bands, clhronic pelvic cellulitis, chronically inflamed appendix, inflamed gland, &c.; (f) sometimes the whole length or a great part of the length of the ureter is in spasm. (2) Atony or relaxation or dilatation. (a) Sometimes the whole length of the ureter is dilated without any apparent obstruction to outflow or urine. This is generally associated with a dilated kidney pelvis, and the author personally thinks that it is hormonic in origin as a rule; (b) dilatation above a spasm of the ureter.
(3) Sometimes one sees a condition of spasm in the lower ureter, spasm of the infundibulum, spasm of the calyces, with dilatation of the upper ureter, dilatation of the communicating channels and dilatation of the collecting tubules of the kidney. The author believes that we have here evidence of a correlative action in the activity of these parts. (4) Antiperistalsis. The wave of antiperistalsis may be seen to pass right up the whole length of the ureter or we may see the wave of normal peristalsis stop at a point of spasm in the ureter and then the contained " globule" in the ureter suddenly shot back either along a section of the ureter or back to the pyelo-ureteric junction, sometimes right back into the infundibulum or even right back into a calyx. The author has had a case in which the pyelograms showed both kidney pelves filled from the bladder without any catheterization of the ureters (Jona, 1934a) .
The globules can be seen traversing the ureter, and in some of the pictures the uretero-vesical orifice is open and in others it is closed.
The author's experience has been that atony is due to some general condition in the body or to local disease, while spasm is generally reflex and associated with either (1), some local irritative condition, such as deposition of crystals or bacterial masses at a kink, or (2) peri-ureteral inflammation, or an inflamed gland, or disease of some organ having a related nerve-supply, e.g. gall-bladder, appendix, fallopian tube, colon, &c. In one such case the patient complained of right kidney pain.
The capacity of her kidney pelvis was 3 c.c. There was spasm and diminished maintenance filling. The skiagram also showed a large lamellated gall-stone.
Cholecystectomy was performed, the kidney pain disappeared and the patient has been well since. One has also seen spasm of the left kidney pelvis associated with gall-stones and the pain has disappeared after cholecystectomy. The author personally thinks that afferent nerves in the left vagus from both these organs, account for this. In another case a young woman had intermittent attacks of htematuria with bacilluria. She had a tender right kidney during these attacks, but X-ray examination failed to show any stone. Pyeloscopy showed spasm of the right kidney pelvis (which had a capacity of 4 c.c.) associated with spasm in the lower ureter and antiperistalsis up the ureter from the site of the spasm. Cholecystography and barium-meal radiography of the appendical region were suggested. The radiologist reported " pathological gall-bladder and pathological appendix.'" Operation revealed an infected gall-bladder containing numerous stones and a kinked appendix. The gall-bladder and appendix were removed and she has been well since and has had no hamaturia.
Another method of investigation which the author has utilized is the obtaining of a graphic record of the contractions of the kidney pelvis. A catheter of as large bore as possible, generally No. 7 or No. 8 Charri6re, is passed to the kidney pelvis.
The outer end is connected by sterilized rubber tubing to a tambour to which is. attached a writing point which writes on paper attached to a revolving drum. A continuous record is thus obtained. This one may call pyelometry, as the true name, " pyelography," has been usurped for the taking of a still radiographic picture. By this means we obtain in patients a permanent record of the activity of the kidney pelvis which we may compare with subsequent records obtained in the same patient; we may thus eliminate the factor of personal observation, as in pyeloscopy. In a normal tracing the small waves produced by the contractions of the calyces during the diastole of the infundibulum are followed by a large wave produced by the ,contraction of the infundibulum. In a tracing obtained from a patient in whom pyeloscopy showed spasm in the lower ureter with antiperistalsis up the ureter into the infundibulum, one noted the irregular series of waves produced. When a dose of 1 c.c. pituitrin was given intramuscularly, there was relief of pain, with a restoration to normal function as evidenced in the regular series of waves produced. By this means we were able to study the effects on intrapelvic (renal) pressure of various procedures such as posture, or raising the intra-abdominal pressure, and we were also able to study the effects of drugs. We could also, by this means, study the muscular reaction of the kidney pelvis musculature to the introduction of fluid by an inlying ureteric catheter. This gives us an indication of the condition of tone of the kidney pelvis musculature and also an indication of how this musculature will react to increase in volume of its contents.
In tracings obtained when the posture of the patient is altered one may note that when the patient sits up there is, in the normal, an immediate rise in pressure which is more or less maintained while the patient is sitting up, but sinks rapidly to normal level when the patient lies down again. When the intra-abdominal pressure is raised, as in the Valsalva experiment (deep inspiration, closure of the glottis, strong expiratory effort) we see superimposed a further rise when the patient is sitting up, but if the patient is lying down the same rise is produced by the Valsalva experiment as when the patient was sitting up. A similar effect is produced by massaging the kidney region.
In cases of hydropelvis with dilatation of the kidney pelvis itself, we get two types: (1) In which the pelvis will contract if given a chance, and (2) in which the atony is so far advanced that the muscle has apparently lost all power of contraction. This condition is generally associated with disorganization of the essential part of the kidney and is generally seen in extreme degrees of hydronephrosis. The author regrets that his own experience in investigating cases of the latter condition by this method is very limited. The disorganization of the secreting apparatus suggests nephrectomy as the only treatment in these cases, but there is evidence of regeneration of the secreting apparatus in the human being in cases of hydronephrosis after the obstructing cause has been removed and the accompanying infection cured. Where disorganization of the kidney has not occurred to any extent the contractions improve as the pelvis becomes emptied either by an inlying catheter or by the increased intrapelvic pressure induced by sitting up, or sitting up and lying down several times. In one such case, when the kidney pelvis was examined under the fluorescent screen, if 15 c.c. fluid were put in the pelvis it contracted poorly, but if 3 c.c. were put in it contracted well. Obviously treatment in this case would be in the direction of increasing the tone and limiting the maintenance filling of the pelvis.
The recent work of Burrows (1936) in which hydropelvis and hydro-ureter were induced in mice by the injection of cestrin, is suggestive. Recent work on the sterols hias demonstrated a close chemical and possibly also biochemical-relationship, between the female and male sex hormones, cholesterol, bile acids and the cancerproducing agents of coal tar. It is quite possible that some disturbance of the sexual endocrine function or of the metabolism of cholesterol or the bile acids may liberate into the blood-stream substances which can produce marked dilatation of the kidney pelvis and ureter. We await the results of further work on this subject but we must bear it in mind when considering the pathogenesis of non-obstructive dilatatioii of the pelvis and ureter and lines of treatment.
At the moment one can only suggest pyeloscopic study under various conditions of maintenance filling, the results of which study would then indicate the requisite postural or therapeutic treatment based on the information thus obtained. A thorough general examination by an endocrinologist or internist might also be helpful.
In investigating the action of drugs, the author has utilized this graphic method as well as pyeloscopy both in the human being and on the aniesthetized dog, but only the results obtained in the human being are dealt with in this paper.
Pituitrin.-Pituitrin (1 c.c. intramuscularly) in the human being produces not so much an increase in intrapelvic pleasure as a restoration to normal rhythm in cases in which some dysfunction exists. As an illustration of the therapeutic action of pituitrin the following case is of interest. A patient suffering from a toxLemia of pregnancy had had her urine drawn off by vesical catheterization a number of times after delivery. She developed cystitis and pyelitis, and complained very much of kidney pain, which was not relieved by morphia. Pyeloscopy showed antiperistalsis in the ureter up to the kidney pelvis. An injection of 1 c.c. pituitrin was given intramuscularly. In 10 seconds the antiperistalsis disappeared and the kidney pelvis continued to evacuate normally. Her pain immediately disappeared and her temperature came down to normal and she remained cured of her pain and pyelitis. The cystitis was treated and cured, and she was discharged from hospital well.
It appears that the kidney pelvis tends to continue to functionate normally once normal function has been restored.
Atropine.-T '. gr. atropine subcutaneously produces contraction of the pelvis with a rise in intrapelvic pressure. Atropine cuts out the activity of the vagus fibres, and the results obtained in the cases investigated seem to indicate that the vagus exerts a tonic inhibitory action.
Histamine in the human being in the dose given (gr. injected subcutaneously) causes a contraction of the kidney pelvis. In the human being with the small dose given, the amount which circulates must be very small indeed. In the dog the same dose produces a relaxation of the kidney pelvis.
Mercurochrome and acriflavine produce the same effect as histamine.
Eserine.-When gr. U is given in the human being a contraction of the kidney pelvis with an increase of tone is produced. This is difficult to understand since eserine is a cholinergic drug whose action should be antagonized by atropine.
Aspirin.-Ten grains by mouth, causes a lengthening of the diastole of the pelvis and relieves pain due to hurried contractions.
Quinine, which the author had found, empirically, to relieve backache in some cases, has a remarkable effect in causing relaxation of spasm of pelvis and in ureter. In one case in which the capacity of the spastic kidney pelvis was only about 3 c.c., it gave great immediate relief and when it had been given (gr. 5 t.d.s.) for a few weeks, the relief of pain was complete. Possibly this effect is due to its action of lowering the metabolism of tissues.
Morphine and strychnine in therapeutic doses both produce contraction of the kidney pelvis.
To recapitulate: the kidnev pelvis is a hollow muscular viscus containing two chambers with muscular sphincter control into, between, and out of these chambers. It is subject to many forms of dysfunction which can be readily studied by the fluorescent screen and also by mechanical devices. The various conditions of spasm, relaxation, and atony, and antiperistalsis can only be studied in relation to (1) conditions existing in the kidney and ureter themselves, (2) the chemistry and bacteriology of the urine, and (3) the condition of other organs. A complete investigation of the pathology of the kidney pelvis can only be undertaken when due consideration is given to these factors. With a true estimation of the abnormal physiology a great field is opened up for the medical as well as the surgical (conservative as well as extirpative) treatment of the causative factors which may exist in the kidney itself or some other organ, and here again the value of pyeloscopy as an aid in the investigation of these problems must be pointed out. A thorough recognition of the normal must, however, be obtained before the abnormal can be evaluated. For example, a condition often seen was retrograde peristalsis in the ureter. This is not infrequently found in the apparently normal ureter when the urinary bladder has been filled to capacity and micturition prevented or voluntarily inhibited. The author believes that this is a provision of Nature to prevent overdistension and possible rupture of the bladder. By means of a retrograde flow of urine up the ureter to the pelvis the pressure in the kidney pelvis, calyces, and collecting tubules is raised to the secretion-pressure of the urine and thus further secretion of urine is prevented until the bladder has been evacuated. One can also readily understand how, by means of such antiperistalsis, infected urine in a case of cystitis associated with urethral stricture may be carried back to the kidney and produce infection there.
Conclusions.-(1) The kidney pelvis is a contractile organ which may exhibit various forms of dysfunction which may cause kidney pain and may result in kidney disease. This contractility can be studied on the fluorescent screen, or by mechanical devices.
(2) There is a normal maintenance filling in the kidney pelvis, and any disturbance of this filling may result in kidney pain and ultimately disease.
(3) Antiperistalsis in the ureter and kidney pelvis may be set up irregularly by pathological conditions in the urinary tract, or in associated organs or parts, and may cause pain referred to the urinary tract.
(4) The beginnings of a definite pharmacology have been worked out, and can be brougbt in to assist us in the treatment of abnormal conditions.
